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Articles on machines for hauling timber have appeared in rrevicus issues
of Lesnayn Promyshlennost® (No 11, 1949; No 7 "and 12, 1950); the Fresent ary
ticle'is a discussion of engines for railless timber hauling.

The KI'-12 skidding tractor was the first specialized machine for hauling
timber. 2IS-5, 2IS-21, and ZIS-150 trucks and S-65, 5G-65, and S-80 crawler . L
tractors are widely used for hauling, but they are not specifically designed - e
for the timber industry.

Wide experience with 2IS-21 and 2IS-5 trucks shows that for timber
the power of thege trucks must be increased, the power transmission and the
undercarriage strengthened, the trucks' rosdability improved, and special meeh
chanisms added. However, such changes would amount to building new, special
timber-hauling trucks. .

The basic requirements of an engine for a special timber-hauling truck are
as follows:

1. The engine should operate on generator gas from green wuod and scraps
from felled wood. '

2. The engine should be adapted to the variable loads encountered in haul-
ing timber, that 1s, it should have ample torque at low and medium rotation g
speeds, and it should be flexidle.
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3. The engine showld have sufficient power for truck trains hauling tim=
ber over uneven roads where there is comparatively high resistance to motion.

k. The engine should have a device to facilitete cold-weather starting.

5. Units and parts of the engine ghould have high wear resistance,

6. The engine should be simple and accessible for servieing and repair.

Experience shows that the ZIS-21 engine does not have sufficient power for
truck-traln hauling of timber under difficult road conditions. Moreover, the

ZI5-21 engine does not have ample hauling power for the KT-12 tractor s which ig
equipped with this engine.

In calculating the maxiimm horsepower of an engine for timber-hauling
trucks, 1t must be kept in mind that the timber is hauled on dirt roads or snow-
covered roada, as stated in "Specifications for Planning and Building Logging
Enterprises,” 1949, The ccefficient of [road] resistance was chosen on the
bagls of the above-mantioned specitications. 2I5-21, 2I8-150, and ZIS-151
trucks with 1-AP5 semitrailers » 2-FR10 trailers for dirt roads, and the AQS-6
trailer for snow-covered roads were selected for the calculations.

It was further agsumed that loads would be hauled by truck trains on normal
level roads or roads with emell grades, and that loads would be hauled by trucks
and gemitrailers on rosds with sharp grades or with minimum preparation of the
surface.

The working load for the calculations was set at the rated lced of the
trucks and trailers for hauling timber on good rosds, and the maximum speed was
set at 25 kilometers per hour. Results of the calculations are given in Table L

The table shows that engines with a maximum horsepower of 60-70 and 1060-110
are required for hauling timber.

The compression ratic of gas-generator engines varies from 6.0 to 8.5 in
engines with 5.55 liters' displacement (2IS-21, ZIS-120, ZIS-21VK, Z18-21M) and
directly affects the mean effective Iressure.

Increasing the compression ratio beyond 8.0 does not produce any appreci-
able increase in the mean effective pressure, In the ZIS-21VK engine, the max-
imum increment in pressure is attained not only by considerably increasing the
compression ratio, but also by using overhead intake valves and increasing the
timing prase. :

The dfﬁcacy of supercharging depends on the compression ratio and de-~
creases as the compression ratio increases.

Moreover, it becomes increasingly difficult to start the engine as the com-
pression ratio increases. Therefore, the compression ratio should be set be-
tween 7.5 and 8.5.

The . jefficient of flexibility of automchile and tractor engines is equal ,
to 1.1-l.4, the higher figure corresponding to the low-speed engine. Flexibil- |
ity is especially important in timber-hauling trucks, since it makes driving
easier, decreases the amount of gear shi.ting on roads where the grade changes
frequently, reduces wear of the transmission, and assures good hauling charac-
teristics.
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For these reasons, we conclude that a low-speed engine is best for &
timber-hauling tractor truck, although it entails increasing the engi:e's dis-
Placement.

For ‘modern special tractor trucks, the coeffiecient of rotation-speed var-
iation is as high as 80, and the transmission ratio of the wain transmission is
as high as 12,

Normal values of the coefficient of rotation-speed variation and the trang -~
mission ratio of the main transmission at the maximum speed of 20-25 kilometers
Pper hour are possible only when the rotation speed of the engine does not cxceed
2,000 revolutions per minute. At 2 »000 revolutions per minute and 20 kilometers
per hour, these values will still be somewhat higher than on engines of modern
design.

The rotation speed of the engine at the given maximum horsepower defineg
the displacement of the engine. For the given maximum horsepower, the rotation
speed must be between 1,800 and 2 »000 revolutions per minute. A further in-
crease in the rotation speed will not reduce the displacement markedlv and will
only bring the external characteristics of the low-speed engine close to thoge
of high-speed engines.

Moreover, experience shows that the highest mean effective pressure is ob-
tained at comparatively lov rotation speeds. If we compare two engines with the
same rotation speed, th: mean effective rressure will be greater for the engine
with the greater displacement.

The meen effective pressures (according to exper.mental data) of engines
with a working volume of 5.5 liters » & rotation speed of 2,000 revolutions per N
minute, and operating on generator gas are shown in Taeble 2.

Taking the indexes of the ZI5-21 engine without supercharging for compar -
ative calculations, we find that at 1 ,800 revolutions per minute and a mean ef~
fective pressure of 3.6 kilograms per square centimeter , the displacement of the
engine must be 8.35 1iters and its approximate weight 620 kilogrems to obtain 4
maximum of 60 horsepower; to increase the maximum horsepower to 70 and 110, the
displacement must be enlarged to 9.75 and 15.3 liters, respectively, and the
approximate veight raised to 720 and 1,130 kilograms, respectively.

These excessive weights, two or three times as grcat as those of mcdern en-
gines of equal power, are caused by large displacement and low meen effective
Pressure.

Lebt us consider three methods of increasing the mean effective pressure.

The first method consists of increasing the cross section of intake valves
and passages, inecreasing the timing phase, eliminaving preheating of the working
mixture, increasing the compression ratic, and improving the combution chamber,
These methods of supercharging were used on standard Z2IS-21VK and ZIS-21M en-
gines and should be kept in mind when new engines are built.

The second method, called partial supercharging, consists of forcing the
working mixture in at a pressure of a 40-50 millimeter mercury coiumn. The
kindling fan of the KP-12 tractor can be used for this purpose with only minor
changes. Partial supercharging is most effective at high rotation speeds and
is best used when slight increases in horsepower are desired without complex
changes in design. For series sroduced. ZIS-21 engines, partial supercharging
raises the mean effective pressure (at high rotation speeds) 10-15 percent.
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The third method is full supercharging, using & pump of the volumetric
type. The Scientific Research Automobile and Tractor Institute carried out re-
search on a ZIS-120 engine operating on generator gas and using a volvmetric
sup2rcharger. The tests showed thet the mean effective pressure increased 30
percent at low speeds, 50 percent at medium speeds, and TO percent at high
speeds, as compared to operation without the supercharger. An even greater in-
crease in the mean effective pressure was achieved by changing the gear ratio
of the pump to increase its speed and by using a corrective device to control
the degree of supercharging.

Raising the meen effective pressure is best done by full supercharging,
and the use of superchargers does not entail any special difficulties, since
they are series-produced and are used on & numver of engines (the YaAZ-204% and
the YaAZ-210). However, further lsboratory and tield tests of supercharged gas-
generator engines are necese ..y.

Given a compression ratio of 7.%-8.5 and 8 rotation speed of 1,800-2,000
revolvtions per minute, the only way to ootain comparatively small displacement
is to use a volumetric supercharger.

The mod‘g acceptable parameters -f engines using & volumetriec supercharger
and developing 60 and T0 horsepower are given ia Table 3.

To obtain 110 horsepower, us.ng a volumetric force oump, it wowld be nec-
egsary to increase the working vo/ume of the engine beyond 10 liters and thus
raise its weight above 750 kilogrsms. The comstruction of large-displacement

e engines operating on generator gen would necessitate larger gas generators, for
vhile & 60-70 horsepower engine riquires 140-16) kilogrsms of gas per howr , 8
110-horsepower engine requires 243 kilograms of ges per hour.

The productivity of series-:iroduced tr¢nsport gas generators (e.g., “he
8G-65) is as much as 145 kilograns of gas per hour, and it would be easy to in-
creage it to 160 kilograms per h:ur. But a transport gas generator capable ol
rroducing 250 kilograms of gas jnr hour would be curbersome, heavy, and incon-
venient to use. Thus, the consijuction of gas-generator englnes of more than
70-80 horsepower is impractical.

For heavy timber-hauling tractor trucks requiring more than 100 horsepowey
series~-produced diesel engines {the YaAZ-204, the YaAZ-210, and the D-6) should
be used.

Conclusions based on the yjreceding data are as follows:

Engines developing a maxiiwum horsepower of 60-TO and 100-110 ire mos: sult- !
able for hauling timber by truik.

Forced ZIS-21VK and ZIS-2.M engines may be adapted for use as 60-TO horse-
power engines by using superclirging. The productivity of the series-produced
gas generator should be corresrondingly increased.

However, the use of forcal 2IS-21VK and ZIS-21M engines for timber-hauling
trucks is only a temporary meisure, since the comparatively high rotation speed
at maximm power and “he markid foreing of the working process redu.e the life
of +hese engines.

An engine with s workin volume of 6.7 liters, a compression ratio of 8.0,
and a rotation speed of 1 ,80'] revolutions per minute would meet the requirements
for timber hauling. Such an::ngine could develop 50-55 horsepower on generator
gas. Partial supercharging x!m.ld raise this figure to 60 horsepuwer, and a
volumetric force pump would suige it to TO horsepower.
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Such an engine could be designed for future conversion to diesel fuel.
Using diesel fuel, it could develop 80 horsepower; with partial supercharging,
90 horsepower; and with a volumetric force pump, 100-110 horsepotwer. Thus, by
~_ consecutive improvements, such an engine could serve ss a prototype for a group
= - of transport engines for the timber industry developing 50-55, 60, and 70 horge-
powor (generator gas); and 80, 90, and 1C0-110 horsepower (diesel fuel).

[Arpended tables follow./

Table 1. Required Maximum Horsepower of Engines for Timber-Eauling
. Trucks Under Various Hauling Conditions

. Gross
Type Rolling Dead Vehicle
Road Stock Wt Pay Load Wt Max Hp
(tons) (tona) (tons)
2IS-21
Dirt Semitrailer 4,57 6.0 .10.57 48.0
1-APS
Dirt Trailer 6.17 14.0 20.17 97.4
. 2-FR10
Snow Semitrailer 4.36 9.0 13.36 38.2
covered A0S-6
Snow Trailer 5.53 21.0 26.53 67.5
covered A03-6
218-150
Dirt Semitrailer 5.37 8.0 13.37 61.4
1-AP5
Dirt Trailer 6.97 16.0 22.97 105.0
2~-FR10
Snow Semitrailer 5.16 10.0 15.16 k.0
covered A0S-6 .
Snov Trailer 6.33 22.0 28.33 3.3 ‘
covered A0S.6 .
218-151
Dirt Semitrailer 6.87 9.0 15.87 T3.5
1-AP5
Dirt Trailer 8.47 17.0 25,47 117.9
2-FR10
Snow Semitrailer 6.66 10.5 17.16 52.1
covered A0S -6
Snow Trailer 7.83 22.5 30.33 82.2
r ’ covered ACS-6

Table 2. Mean Effective Pressures of Various Engines

Type Engice Compression Ratio Mean Effective Pressure
(kg/8q cm)
ZIS-21 6.7-7.0 3.4-3.6
ZIS-21VK, forced 8.5 [T TR
ZIS-21M, forced 8.5 h.4b.6
) ZIS-120, super~
- charged 6.0 hlih.g
-5 -
RESTRICTED

A-RDP80-OO809A000700070377-5 _

Sanitized Copy Approved for Release 2011/08/19 : Cl



° . -

Sanitized Copy Approved for Release 2011/08/19 : CIA-RDP80-00809A000700070377-5

-

RESTRICTED

Table 3. Calculated Parasmeters of an Engine
Equipped With a Volumetric Force Pump

Unit of

Index Messure 60-Hp Engine 0-Hp Engine
Rpa roe 1,800-2,000 1,800-2,000

at maxipum hp

Compression 7.5-8.5 7.5-8.5

ratio e
Mean effective Xg/eq cm 5.2-4,9 5.2-4.9

pressure
‘Displacement 1iters 5.75-5.50 6.7-6.4
‘Torque at

maximum hp kg-m 24,0-21.5 27.8-25.0
Transmission

ratio of

volumetric

force pump -- 0.75 0.75
Estimated

weight of

engine kg has5-410 495-475

~-BEND -
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